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ibration meanitaring is helping 
hydroelectric plant personnel 
increase machine availability and 





plant productivity. However, many of 


the moanitaring S¥Slems in Wse were not 
designed lor low speed, hycroeheectric 
machines, Benthy Nevada's ongoing 
research of common hydroelectric 
machine problems has resultecl in new 
strategies for detecting them. We used 
this knowledge to design a morutoring 
system specifically for hydroelectric 
machines, a system that extracts the 
information that makes these new scrat- 
epics possible. Gur mew 2201 Hydro- 
electric Vibration Monitoring System is 
the key to efficient hydroelectric 
machine management. 


2201 Hydroelectric Vibration 
Monitoring System 

Manv large, slow rotating, vertical 
machines ane row monitored by cortin- 
uous, Online vibration monitoring 
equipment. However, those monitoring 
systems were originally clesigned for 
high speed, critical machines. Typically, 
machines ina hydroclectric plant rotare 
aro ro GOO rpm, a monitor designed for 
high speed machines may not detect 
some problems on slower speed 
machines. Bently Nevaca developed a 
new hydroelectric moniloring system to 
help salve this business problem, Our 
soluuion is the 2201 Hydroelectric Vilbora- 
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Gua _ Simplified 
- hydroelectric turbine operation 


“Water fram the dam, called 
bead wetter, passes through a per- 
_steck, The penstock is a (usually 
steel: lined) pipe or conduit that 


' carries water into the scraé! case, . 


The scroll case directs the water 
through fixed! guicle vanes, to the 
“wicket gates, Wicket gates are vari- 


able guide vanes that acljust the — 


flow of water through the turbine, 
controlling its speed and power. 


tian Monitoring Svstem. This fully- 
integrated system consists ol: 
®* A 2201/06 Low Speed Machine 
Monitor 
* An Allen-Bradley 1771 chassis anel 
power supply 
* An Allen-Bradley Programmable 
Lovic Controller (PLO 
* A persanal camputer and our 
HycdlroVl'™ clisplay soliware 
The 2201/06 Low Speed Machine 
Monitor measures peak ta peak shaft 
displacement at spaces as lowas 15 rpm. 


The 2201,000 Low Speed Machine Moni- 


tor armel 2201 System interface with che 


After passing the wicket gates, the 
Water passes through the rotating 
part of the turbine, the tureine 
PUIG Kas The water spins the tur- 
bine runner, the turbine shait and 
the generator: connected to it. 
Water ‘disc harged: from the cur- 
bine, called, tail water, is carried 
downstream, thr ua the draft 
Li 9 Rep Bh ere 


Allen-Bradley PLCS™ family of 
controllers. 

Bently Nevada's HydroVll Software 
runs ona personal computer. Ir displays 
current vibration amplitudes ane trencls, 
current monitor configuration and 
arm serpoints, Fram your personal 
computer, you can configure the 2201 
Hydroelectric ¥ibration Monitoring Sys- 
tem andl set alarm levels, 

The 2201 Low Speed Machine Moni- 
lor uses proximity probe signals for its 
inputs. As a source of vibration clata, 
Bently Nevada noncontacting proximiry 
probes are ideally suited for hydro- 
electric machines. A proximity probe is 
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Vibration Monitoring System: 


the only transducer that measures shalt 
motion and position directly, and it has a 
low Crequency response that is ideal for 
monitoring low speed machines, 


Common hydroelectric machine 
problems 


Before we developed our hydro- 
electric monitoring system, we set out bo 
understand common hydroelectric 
machine faults. Bently Nevacda engineers 
talked with hydropower station person- 
nel, engineers, consultants, machinery 
manufacturers and inclustry experts 
worliwitle, We collected vibration data 
from instrumented hydroelectric 
machines ancl pertormec tests co clerer- 
mine which common problems could be 
derected through shait-relauve displace- 
ment measurements. We founcl that 
proximity probe measurements could 
idencify chese problems: 

* Rough Load Aane 

* Shear pin failure 

* Mechanical unbalance 

* Flectrical unbalance 

® Hydraulic problems (turbine) 

* Misalignment 


* Increased bearing clearance 


Detecting hydroelectric machine 
problems 
Roueb foad zone 


The Rough Load “one is an opera- 
tLlonal phenomenon known as Khein- 
swans Influence; ic is a machine operating 
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load range where vibration is excessive. 
Iris acomumnen occurrence with Francis 
turbines, anc is caused by flow cistur- 
bances downseream of the turbine run- 
ner. Machines should not be operaredd 
continuously in this region. 

Typically, Rough Load Agne occurs 
when the wicket gates are 30% to 50% 
open. The zone varies [rom machine to 
machine, and also as a function of head 
and tail water levels. Therefore, the zane 
Cano move, depending on the turbine’s 
current operating parameters. To avoid 
running in the Rough Load Zone, opera- 
rors are usally restricred to certain fixed 
OPCrating rowions. 


Subsynchronous vibration is the 
Rough Load 4one’s main vibration char: 
acteristic, although higher-order har- 
monies, such as 2X and 4X, occasionally 
occur, Sometimes, synchronous (18) 
vibration displacement actually 
cl od ee ed oe 


Figure 3 shows cata fram a typical 
Francis turbine as it passed through the 
Rough Load “Zone. The waterfall plot 
shows displacement spectra sampled as 
load increased over cime. Notice that 1X 
displacement amplitude varied only 
slightly as load increased. However, sub- 
synchronous vibration became very evi- 
dent at low Joac, ancl subsiclec’ as che 
load increased. 


This cypical response sugpests that 
the Rough Load “one can be identified 
by an increase in “Not LX’ vibration 
(vibration thal is not synchronous with 
running speed). The 220105 Low Speed 


managing vertical hydroelectric machines 


Machine Monitor can measure Not LX 
vibration and generate an alarm when it 
exceeds a preset level. The 2201/06 can 
alert plant operators when Not 1X vibra- 
tion increases, so they can acljust opera- 
tion away from the Rough Load “Aone. 
Instead of running all machines within a 
fixed load range, operators can run each 
machine within a citherene load range, bo 
maximize productivity and plant 
efficiency. 


Shear pin failure 


Water flows through wicket gares 
prior to entering the turbine runner, 
The wicket gates act as inket guide vanes, 
and are acjusted to meet loacl require- 
ments. Rach is supported by an upper 
and a lower bearing and is connected Lo 
acommon concrol ring via a shear pin. 
The control ring, which synchroni#es 
the movement of all the wicket gates, is 
moved by a governor-conctrolled hydrau- 
lic ram. The shear pins are a weak link, 
designed to fail if a wicket gate seizes, 
limiting damage. However, shear pins 
can alse fail in service, usually because of 
fatigue. 

When a shear pin fails, he machine's 
response changes in two ways that we 
can measure with proximity probes. 
Both are due to a pressure differential 
region created when the free pate takes 
a neutral position in che water flow. 

The first change we can measure is 
increased nX vibration, which is vibra- 
tion at an integer multiple of running 
speed (nis the number of turbine blades 
and X is che machine's rotative speed). 
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The pressure differential creared by the 
fre: pare imparts a force om the turbine: 
tunner each time a blade passes the 
repion, This causes the nX vibraticn 
component, which can be significant. 
However, while oX vibration may 
Increase, overall vibration may increase 
only slightly, because at the same time 
1X vibration may decrease. 

LX vibration may decrcase because of 
the: second change we can measure, a 
change in shalt average centerline posi- 
tion. The shaft average centerline: pasi- 
Hanis the: position about which the shalt 
vibrates within its bearing clearance. 

The pressure change causecl by the 
tree gare moves the shaft within its bear- 
Ings, usually toward che failed gate. Its 
movement can produce a significant 
bearing load, which can damage bear- 
ings, ard reduce LX vibration, due to the 
increase in system sullness. 

A machine with a failec] shear pin 
should not be operated tor long, How- 
ever, the failure may go unnoticed by the 
operators, because overall vibration may 
net change enough to wigger an overall 
vibration amplitude alarm, 


As a test, a wicket pace shear pin was 
removed from a Francis turbine prior to 
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startup. We plotted the turbine shaft 
average centerline position as the 
machine load was increased anel then 
decreased (Figure 4). As the machine 
an up to operating speed, water flow 
mowed the uncontrolled wicker gare into 
a position similar to that of the con 
trolled gates. Durning this time, there was 
no neciceable change in vibration ampli- 
tude. As the loacl was increased, horw- 
ever, the free gate dic not follow the 
controlled gates. The turbine runner 
moved toward a low pressure region for- 
med near the free gate. 

The removed shear pin was locatecl 
48° left, from the top of Figure 4: the 
plot shows thac the shalt centerline 
moved toward the uncontrolled pate. If 
shear pin failure occurred when the 
machine: was aperacing on load, the 
mowenent would have: been sudeen and 
could have damaged che bearing. Bear- 
ing pach Lemiperature monicaring might 
have cletected an increase in bearing 
load, bur iF ner all che bearing pads were 
manicored, a failure could go 
undetected. 

With the 2201 Hydroelectric Vibration 
Monicoring Syscem, the nX vector ancl 
shaft average centerline position alarms 







are “and” voted to provide a shear pin 
failure alarm. This is an alert alarm only, 
and should not be set te automarically 
shuc down the turbine, as this coulkl 
cause further damage. If shear pin fail- 
ure @ccurs, the machine must be shut 
down in a controlled manner, so the 
water flaw can help close the free gate. 


Mechanical and electrical 
nnbelance 


The balance condition of a rotor can 
be determined by measuring the 1X vec- 
tor famuplitude ancl phase), and by nor- 
Ing its response as the machine runs 
through its speed and load range, 

When machines are commissioned, 
euher alter major inspections or when 
new, the vibration cata is recorded at 
predetermined! steady state conditions. 
The conditions may be certain speces 
during startup or certain loads when 
synchronized During commissioning, it 
is possible to document the machine's 
mechanical and electrical responses. A 
mechanical unbalance will not change 
with load: however, a machine's vibra- 
tion response does change with. load iF 
the vibration is due to unbalanced elec- 
trical fields or thermal effects. 
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Figure 1 
Two bearing machine, Francis turbine 
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Figure 2 
Three bearing machine, Kaplan turbine 
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The 2201/06 makes it easy ta monitor 
changes in mechanical and electrical bal- 
ance, with “Acceptance Regions,” An 
Acceptance Region is trenel information, 
oflX or 2X vibration vectors, or the shalt 
average centerline position. The user 
defines the Acceptance Region for each 
shaft radial vibration or position mea- 
surement on the machine, based on its 
normal performance. With the 2201/06, 
you can set alarm setpoints for maxi- 
mum and minimum values of both 
amplitude and phase. 


Vertical misalignment and thrust 
bearing wear 


The thrust position is the vertical posi- 
tion of the shaft thrust collar relative to 
the thrust bearing. It is an important 
measurement in vertical hydroelectric 
turbines, because in these machines, the 
whole weighe of the rotor is supported 
by the thrust bearing. A thrust position 
that changes with load can indicate verti- 
cal misalignment of the curbine runner 
relative to the wicket gates. The thrust 
position can change if the misalignment 
causes pressure fluctuations under che 
turbine cumner that lift the rotor. 
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Thrust positign also changes skowly 
over Lime, as the thrust bearing wears. 


Thrust bearing wear is most easily seen 


by trencling thrust position over time. 

The 2201/06 Low Speed Machine 
Monitor measunes thrust position, It can 
indicate thrust bearing wear and vertical 
misalignment of the turbine mioner rela- 
tive to the wicket gates. 


One monitor for all hydroelectric 
machine measurements 

Hydroelectric machines have wnicgque 
problems that require a special monitor- 
ing strategy, Direct vibration and 1X vec- 
tor monitering arc extremely useful, 
however, other measuremencs are essen- 
tial for detecting problems at an early 
stage of development. The 2201 Hyelro- 
electric Vibration Monitoring System 
combines these mecasurcments, with 
incliviclual full-scale ranges ancl alarms, in 
a single, four-channel monitor, The 2201 
Hydroelectric Morutoring System mca- 
sures all of the important hydroelectric 
machine vibration parameters: 

* Overall (direct) vibration amplitude 

* 1X vibration amplitude and phase 

(LX Vector 
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* nk vibration amplitude and phase 
(oA Yector) 

* “Nor 1X” vibration amplitucde 

* Shalt average centerline position 

@ Thrust position 

* Gap 


For the larger displacements of hvdro- 
electric machines, the 2401/06 Monitor 
has user-selectable full scale ranges wp tc 
2500um pp. Each moniter channel anc 
parameter has incdivicual alarm setpoints 
and variable alarm time delays. These 
help you aveicd nuisance alarms when 
transient high-amplitucle vibration 
occurs. 

The innovative 2201 Hydroelectric 
Vibration Monitoring System helps 
Maintenance ancl Operations personnel 
optimize hydroelectric plant operation, 
For more information on this mew mon- 
LLoring SYSLEM, COMEACT ¥OUr Nearest 
Bently Nevada sales and service 
representative. 


Reference: 

1. Wadislavley, LA, “Vibration of Hydroelectric 
Units in Hydroelectnc Power Plants,’ Amercin 
Publishing Co. PVT. LTD., New Delhi, 1979, 
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Figure 3 
Waterfall spectrum plot showing Rough Load Zone 
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Figure 4 
Shaft centerline position, sampled with shear pin removed. 
The load was increased and then decreased. 
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